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THE CRYSTAL STRUCTURE OF DIBENZOTHIOPHENE SULFONE 

Louis R .  Kronfeld and Ronald L.  Sass  
Department of Chemistry, i : i l l i a m  Marsh Rice Universi ty  

Houston, Te-;as 

A s  a p a r t  of a s tudy of c y c l i c  sulfones i n  t h i s  labora tory ,  17e have 

determined the  c r y s t a l  and molecular s t r u c t u r e  of dibenzothiophene 5,5-dioxide 

(dibenzothiophene sulfone) .  

of the  su l fone  group on the  molecular dimensions and compare t h i s  e f f e c t  

The pr imary i n t e r e s t  was t o  access t h e  e f f e c t  

c with t h a t  observed i n  similar compounds, 1 ,2 

- 

1. G. A .  J e f f r e y ,  Acta Cryst .  k ,  58 (1951). - 

2. R.  Desiderato and R .  L. Sass, Acta Cryst . ,  i n  press. 

Crys t a l s  of t he  compound s u i t a b l e  for  d i f f r a c t i o n  s tud ie s  were grown 

from the  melt  by sub l ina t ion  j u s t  below the  melt ing po in t ,  236 - 236OC. 

Weissenberg photogra,;hs (CuK2, h = 1.5418A' ind ica ted  the space group t o  be 

e i t h e r  Cc (Cs) or C L/c (C2h). 4 6 The observed systematic  absences were hkt. 
ZOS W S O l  Al1713Vd ahsent  when h + k = 2n + 1 and hOl. absent when .P, 2n + 1. The u n i t  c e l l  

dimensions were a = 1C.09 (1) A ,  b = 13.89 (3) A ,  C= 7.22 (1) A and 

The dens i ty ,  measured by f l o t a t i o n ,  .as 1.40 g/c.c; the  t h e o r e t i c a l  dens i ty ,  

ca l cu la t ed  on the  bas i s  of four  molecules y e r  c e l l ,  vas 1.35 b/cc. 

film Weissenberg ?hotogra?hs were taken about t he  c axis (I, = 0-7)  and the  

pr imi t ive  (a+b)/2 ax i s  ( (h+k)/2 = 0-4). 
The Lorentz-polar izat ion f a c t o r  w a s  appl ied and the  d a t a  co r re l a t ed  i n  the  

usual  manner. No correc t ions  were made f o r  e;:rtnction*.or absonptiian. - A  

t o t a l  of 605 r e f l e c t i o n s  i n  the  region of reciprocal space considered had 

de tec t ab le  i n t e n s i t i e s  . 

= 9 3 . 5  (4) ' .  

Mult iple  

I n t e n s i t i e s  were measured v i sua l ly .  

6 The t r i a l  s t r u c t u r e  was solved assuming the syn-anetry t o  C2/c (C2h). 

F i n a l  refinement ind ica ted  t h i s  assumption t o  be co r rec t .  Because t h i s  

space group contains  e i g h t  fo ld  symmetry, t he  t w o  fo ld  axis of t h e  molecules 

must coincide with t h a t  of t he  c rys ta l lographic  u n i t  c e l l .  This information 

was u t i l i z e d  wi th  a Pa t te rson  pro jec t ion  P(u,v) t o  determine t h e  coordinates  

of the  var ious atoms. The s u l f u r  atom was qu i t e  e a s i l y  located and the  map 

also contained a moderately w e l l  resolved image of t he  remainder of the  

. 



molecule. 

molecule nea r ly  i n  the plane of the  pro jec t ion .  

out  of the  pro jec t ion  plane was estimated from the  shape of t he  oxygen peaks 

and packing considerat ions.  

assigned and s t r u c t u r e  f a c t o r s  were ca lcu la ted  f o r  a l l  605 r e f l e c t i o n s .  

r e l i a b i l i t y  index, R ,  f o r  t h i s  t r i a l  s t r u c t u r e  was 0.35. 

e l e c t r o n  dens i ty  map was synthesized a t  t h i s  point .  

showed no spurious peaks and yielded a s e t  of atomic parameters e s s e n t i a l l y  

the  same as those ind ica ted  above. These parameters served as the  s t a r t i n g  

point  of t he  refinement.  

An e l ec t ron  dens i ty  project ion p (>cry) gave a clear image of the  

The r o t a t i o n  of t he  molecule 

The z parameters of a l l  the  atoms were subsequently 

The 

A t h r e e  dimensional 

It w a s  \re11 resolved,  

The refinement was ca r r i ed  out  using the  f u l l  matr ix  least squares 
3 program ORFLS. The R value was lowered t o  0.11 using ind iv idua l  a n i s t r o p i c  

~ - - - - -. - - - - -- - - --- _-- 
3. W. R.  Busing, K. 0. Martin and H. A. Levy, "ORFLS, A FORTRAN C r y s t a l l -  

ographic Least  Squares Program", OWL-TM-305, Oak Ridge National 

Laboratory,  Oak Ridge, Tenn., 1962, 

temperature f a c t 6 r s  on each atom. 

f a c t o r  ca l cu la t ions  v i t h  i s o t r o p i c  temperature f a c t o r s  of 5.9. 

p3rameters were ref ined.  

Hydrogen atoms were included i n  the  s t r u c t u r e  

No hydrogen 

The weighting scheme used was 

&7 = '/F f o r  F > 4 Fmin 

= '/4Fmin f o r  F < 4 Fmin 

The f i n a l  atomic parameters are l i s t e d  in  Table I. A list of observed and 

ca lcu la ted  s t r u c t u r e  f ac to r s  i s  ava i lab le  from the  authors  on request  

Thz bond lengths and angles ca lcu la ted  from the f i n a l  atomic parameters 

2re shown i n  Figure I. This f i g u r e  is also the view of the  molecule projected 

doen t h e  c axis. On t h e  bas i s  of t he  e r r o r s  l i s t e d  i n  Table I, t h e  l a r g e s t  

e r r o r  i n  a bond length is 0.02 A and the average e r r o r  is  0.017 A. 
The molecular packing is qu i t e  reasonable with no intermolecular  

dis tances  s h o r t e r  than the  sum of the  normally accepted Van der  Waals r a d i i .  

The s u l f u r  carbon bond d is tance  reported here in  as 1,74 A is  i n  good 
1 2 agreement wi th  those found i n  isoprene sulfone and 9 - 2 - b u t e n e  ep isu l fone .  

The s u l f u r  oxygen bond d is tance  of 1.49 A is i n  good agreement with t h e  value 

predicted from the  sum of the  packing double bond covalent r a d i i  but  is about 

0.35 A longer than tha t  observed i n  other  su l fones .  

the s t r u c t u r e ,  the bond d i s t ances  and angles are comparable t o  the  

I n  the  remainder of 



equiva len t  values found f o r  fluorene .4 The r i n g  c los ing  C (6) - C (6') 
- ~- - 

4 .  D. M. Burns and J. I b a l l ,  Proc. Roy. S O C . ,  S e r i e s  A. ,  227, 200 (1955). 

dis tance  of 1.46 A is ,  wi th in  experimental e r r o r ,  equal  t o  the  value of 1.48 A 

observed f o r  f luorene . 
C2v syrmnetry. 

The molecule, within experimental  e r r o r ,  possesses 
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